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The purpose of this study is to conduct a research on the implementation of 
Taguchi’s parametric design approach in selecting the appropriate variable for 
optimization for crude distillation unit (CDU). The main aspect that that will 
focusing in this study is on the maximizing the profit based on different case studies. 
A dynamic CDU model is developed using HYSYS environment in order to test the 
case study. 13 variable and 3 level is chosen to be used in this project. This  variable 
is selected due to their function as manipulated variable in controlling the process. 
Each sequence of variable is tested simultaneously in HYSYS. The validation 
process on result  is done by comparing the optimum value through a experiment in 
HYSYS. On the other hand, the analysis of mean and variance, ANOM and ANOVA 
is conducted to find the most valuable and profitable sequence of variable. The result 
obtain is in term of profit which is the highest profit is 1.7 million RM/day with the 
optimum configuration is A1B3C1D3E3F1G1H1I1J1K3L1M1N3O1. 
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1.1 Background of study 
 
Crude distillation unit also known as CDU is one of the units in petroleum refining 
industries. Crude distillation is used to separate the hydrocarbons in crude oil into 
fractions based on their boiling points. The separation is done at atmospheric 
distillation column. The distillation column consists of a number of trays where 
hydrocarbon gases and liquids interact. The gases will move to the top of the 
column and the liquid component will be moving down due to atmospheric 
condition. The light component such as butane and naphtha are removed in the 
upper part of column and the heavier component such as distillate and residue oil 
will withdraw from the lower section. The practical goal such a kind of unit is to 
achieve a higher production rate beside the lower cost relate to economic 
consideration. On the other hand, the objective is to perform a process optimization 
including high production rate with required low operating cost by searching an 
optimal operating condition (Sea, Oh, & Lee, 2000).  In crude distillation unit, a lot 
of equipment and technologies have been implemented. There are heat exchanger, 
preflash column, furnace, desalter and etc. All this equipment is connect with each 
other in order to produce the high quality product. However, along the journey of 
producing the high demand product, the crude market price automatically increases 
drastically. With this phenomenon, the researcher and engineer in various 
disciplines try to find the alternative way to increase the production of selling 
product by regulating the variable at the maximum optimization. However, the 
concern about the environment resulted in stricter regulations on the emission of 
greenhouse gases.  
 
The current study is based on Aspen HYSYS simulation model which is on 
crude distillation unit (CDU). By selecting the control and optimization control 
systematically can ensure the effectiveness RTO implementation (Yusoff, N. et al., 
2011). Among various type of optimization study, Taguchi method has been 
chosen. Throughout the year, a lot of successful result have been reported 
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regarding the implementation of the Taguchi’s parametric design approach by 
selecting the appropriate optimization variables. Orthogonal array technique was 
developing the list of factor with different level in order to select the best possible 
combination of variable to optimize the plant. This project aims to use L27 with 
nine variables and number of level is three. The most significant variable can be 
determined by conducting the analysis of mean and variance. 
 
 
1.2 Problem Statement 
 
Crude distillation unit is the higher profitable unit in industry. Because of that, a lot 
of study has been conducted in order to make sure the technology and the efficiency 
of the crude distillation unit at the higher level. Plus, the nature of crude distillation 
can be accessible directly and in directly in order to maximize the efficiency of the 
plant. Due to the vast range of optimization study on crude distillation unit, specific 
research has to be done to address a most suitable combination of variable to use in 
order to optimize the operating condition and to increase the production. 
 
This project aims to develop an experiment that can be used to find the best 
combination of variable to optimize the plant. Due to problem state above, the 
Taguchi Method is chosen to be implemented along with the simulation model. An 
experiment of the variable combination will be use along the journey.   
 
1.3  Objective 
 
To maximize profit at Crude Distillation Unit (CDU) based on the selection of 13 
control variable. The project will be conducted by following the method of Taguchi’s 
approach in selection of the control and optimization variable which are significant 
towards the process optimization. 
 
 
1.4  Scope of Study 
1.4.1 Basic Process Flow of Crude Distillation Unit (CDU) 
 
Crude distillation unit (CDU) is designed to separate raw crude petroleum from the 
rig into valuable product such as diesel, naphtha, kerosene and residue. For this 
project, Crude Distillation Unit (CDU) will be the main focus from the beginning to 
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the end. The study on how to increasing the business profit by regulating selected 
control variable will be conducted at curtain units with supporting from Taguchi 
method. 
 
 Output from running these experiment is performed from an objective 
function as stated below (Yusoff, N. et al., 2011): 
 
   ∑   ∑   
 
P = Profit 
R = Revenues 
E = Expenses (Utilities) 
 
The profit is calculated based on revenues minus by an expenses. The 
revenues is refined as product that produce from crude distillation unit and vacuum 
distillation unit. On the other hand, the expenses is referred to the cost of utilities 
such as electrical and steam consumption. 
 
 
1.5  Relevancy of Project 
 
Since the number of petroleum refinery plant has increase drastically, with proper 
research and knowledge coupled with new technology, the crude distillation unit can 
be optimized to the most efficient and profitable. This will help to save the operating 
cost by reducing the utilities and at the same time increasing the production. 
 
1.6  Feasibility of Project 
 
This project will be done in two semesters which basically includes three basic areas 
which are experiment, variable testing using CDU model and run the result analysis. 
This project will be utilized the current model of CDU to find the tune of perfect 
combination of variable. Based on the description above, it is very clear that this 





 LITERATURE REVIEW 
 
2. LITERITURE REVIEW 
2.1  Crude Distillation Unit 
 
Crude Distillation Unit or known as CDU is the most important unit in petroleum 
refinery. CDU comprises four sections which is crude preheat section, crude 
distillation section, LPG recovery unit and chemical injection section. Refineries are 
the largest energy consumers in the chemical industries. Despite, 2% amount of 
fuels from the total crude processed required for these plant to operate ( M. 
Bagajewicz, S.Ji, 2001). Thus, finding the ways to increase the energy efficiency 
for the existing plant becomes a serious matter nowadays. 
 
 
   Figure 1 CDU Process flow diagram (real existing plant) 
 
 
Early 1940, crude distillation unit was running officially in this world. 
After that, in 80’s Pinch method becomes one of the famous strategies for energy 
recovery between process fluids (B. Linnohff, E. Hindmarsh, 1983).  Furthermore, 
CDU produce several products from various temperature cut point. The table 
























On the other hand, furnace in CDU become main leader in providing 
50% of energy required in an oil refinery plant (Y. Kansha, A. Kishimoto, A. 
Tsutsumi, 2012). For that, energy saving process and technology need to be 
apply in order to minimize the energy consumption and at the same time 
increase the production profit. 
 
Crude separation process involves many complex phenomena which have 
to be controlled in its best placement. Regarding (S. Motlaghi, F. Jalali & M. 
Nili, 2008) the input variable of crude distillation column are usually energy 
supply inputs, reflux ratios and product flow rates, while the output variable are 
the oil production, system operating performance and plant profit. However, to 
maintain the plant at only curtain condition is very difficult. This is because the 
non-linear interaction between the operating input and output variables. Plus, if 
the production not meets the client specification, this will cause some problem to 
plant management.  
 
Last two decades, the researcher, engineer and industrial practitioners has 
an awareness that operability issue need to be consider explicitly at the early 
stage of plant design. Mizoguchi (1995) says that the researcher in recent year 
have been focused on the process control and optimization. Currently, the 
optimal condition of variable of distillation unit process was controlled by expert 
operators according to the input characteristic of crude. Thus, if the condition is 
vice versa, the optimal process cannot be reached due to false decision by the 
inexperience operator. Therefore, support from the optimum operating 
information from the study is quite essential to maintain a proper management of 
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the crude operation.  
In refinery operation, there are many different operating units that are 
used to separate the fraction, improve the quality and increase the production of 
the product like liquefied petroleum gas (LPG), naphtha, kerosene, diesel and 
residue oil. The function of this unit is to separate the raw crude into the several 
kind of product. 
 
Further, the input variable can be oil properties likes flow rate and the 
temperature is the control variable. On the other hand, the output variable can be 
the flow rate of the product such as naphtha and diesel. If one of this parameter 
changes, it will affect the other condition and parameter on control variable. The 
model that has been developing can be used by express the relationship between 
operating condition and the product flow rate.  
 
Typically, the crude oil is brought up to the feed temperature required by 
the crude column by being passed through a series of hot oil heat exchangers and 
then being heated in a gas or oil fired heater. For example, the crude oil wills 
first heated by the circulating naphtha stream which is produced by the crude 
column. Next the crude oil will be heated by the product kerosene which is 
leaving the crude column. After that, the hot crude oil may then be passed into 
the desalter which removes the salt and other water soluble from the hot crude. 
In desalter, the function is using electrostatic. The desalted hot crude may be 
further heated by then and picking up heat in another series of heat exchanger. 
After several heat exchanges in heat exchanger, the crude is passing through to 
the preflash column where the light product (LPG) is separate first. By doing so, 
the duty at the distillation column will be reduce. 
 
Normally, the high crude oil pressure causes the crude oil to be passes 
through the tube of heat exchanger bundles in the heat exchanger sequence since 
the crude oil is at a pressure which is higher than the pressure of hot stream with 
which it is being heated. After coming out from the preflash the crude oil is then 




Figure 2 Crude Distillation tower (atmospheric) 
2.2  Optimization 
 
 
Modern optimization technique have challenged the most of the organization to 
think deeply the way how they running the company internally and externally. In 
term of oil and gas refining industries, CDU plant is one of the popular plants for 
the researcher and engineer to do an optimization. Optimization can be done in 
several ways physically and chemically. However, optimization with chemical 
something becomes complicated when dealing with complex reaction. In real life 
industries, changing the temperature and pressure is the most common thing. This 
is because, changing the volume of an equipment can be so expensive and the 
limitation of the space area of current equipment. 
 
Model Predictive Control (MPC) is the standard control algorithm in process 
industries. Five thousand application was reported in 1999 with increasing 
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demand around 80% in continues years (S.J Qin, T.A Badgwell, 2003).  Rossitier 
(2003)  says  that  the MPC  algorithm  utilized  an obvious  process  model  in  
order  to  optimized  the  open  loop  performance  by  the  time constrains over a 
future horizon based on current and future inputs (J.A. Rossitier, 2003). 
 
MPC application was used the linear progression in order to develop the 
model (S.J Qin, T.A Badgwell, 2003). On the other hand, dynamic modeling was 
developing to cooperate all variable at the same time; hence the effect of the 
intermediate variable and disturbances can be justified immediately. 
 
Back to 70s, energy crisis have attracted the plant management to 
republish their plants that designed before 1970 in order to improving energy 
recovery and lowering the capital cost (M. Errico, G. Tola, M. Mascia, 2009). As 
discuss above, 50% of energy is come from the furnace. Thus, implementation of 
the preflash help to reduce the energy consumption of the furnace by remove the 
light product before transfer it into the distillation column. There have two main 
approaches for the preflash execution which is impact of preflash to the heat 
exchanger network and impact on the main column performance. (W.D. Harbert, 
1978), (H.M. Feintuch, et al., 1985) and (R.Yahyaabadi, 2006) have given some 
familiarization of the problem solving regarding the behavior of the system. The 
location of preflash drum just downstream of the desalter can reduce the heat 
exchange between the furnace and flash drum. By doing so, energy can be save 
without using  the  new  equipment  or  technology  in  the  whole  heat  
exchanger  network.  Bagajewicz, (2002) and S.W. Golden, (1997)  state that the 
lightest compound of the crude which called carrier-effect will improve the 
separation of gas oil fraction to produce highly accurate differentiate the carrier 
gas by implement the preflash column. However, preflash column can be much 
higher performance compare to preflash drum (M. Errico, G. Tola, M. Mascia, 
2009). 
 
2.3  Taguchi method 
 
 
In the nutshell, the need and scope for optimization is so huge in refinery that it 
is essential to use software tools not only to done a best plan, but also to evaluate 
quickly the new optimum and the most efficient route to optimizing the plant. 
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Moreover, by using simulation software, the data that we provide to the system will 
be generate the almost the same result as the real plant. 
 
To do so, Taguchi method has been selected before using the simulation 
software. Taguchi method is a statistical technique to optimize the process design 
problem in many engineering disciplines. Basically, Taguchi method use by the 
combination of factors that get from an experiment to obtain the list of number of 
test to be performed. On the other hand, Taguchi method is considered as the off-
line optimization method to design the system from the parameters involved ( S.F. 
Ali, N. Yusoff, 2012). Further, parametric design is defines the ideal state due 
to the design factors at a specific point. 
 
Taguchi method was used in the manufacturing industries to allocate the 
most economical way of building equipment with the best performance. But after 
this method is successfully shown the good result, Taguchi method have been 
implied in process industry to characterize the performance of an operation ( S.F. 
Ali, N. Yusoff, 2012). Further, Taguchi’s technique proposes experimental plan in 
term of orthogonal array that give the different grouping of parameter and their 
level of each experiment (S. Kamaruddin, et al., 2004). After finish with an 
experiment, the Analysis of variance (ANOVA) was conducted based on average 
output value in order to determine which process parameter is much suitable to 
proceed (S. Kamaruddin, et al., 2004). 
 
Moreover, K. Palanikumar (2008) refer that Taguchi method is an interactive 
study regarding the interaction between the parameters and also provide powerful 
design experiment tool in determining the optimal parameter in curtain case study. 
In this case, the author have done with optimizing the cutting parameter in 
machining of glass fiber reinforced plastic (GFRP).  
 
In CDU, some of the cases used Taguchi experiment to determine the 
optimal cut point temperature. Because of that, the system will generate the 
octagonal array based on number of factors and levels involved. Moreover, degree 
of freedom is defined as the number of comparisons between process parameter 
that needed to determine the level of significant (S. Kamaruddin, et al., 2004).  
In orthogonal array, the degree of freedom should be greater or equal to process 
10 
 
parameter.    
The design and selection of factor levels is conducted before test at the CDU 
model. The experiment was designed by following Design of Experiment (DOE) 
method. In full factorial experiment for nine factors with three levels the number of 
experiment will be 3
9
 = 19683. To reduce the number of experiment that needed to 
be conducted the experiment were design by using Taguchi approach by conduction 
an orthogonal array technique. Below is the example of the orthogonal array table 
(nine factors with four levels). 
 
Table 2 Example of L9 orthogonal array (S. Kamaruddin, Z.A. Khan, K.S. Wam, 
2004) 
PARAMETER/LEVEL 
Exp. No A B C D 
1 1 1 1 1 
2 1 2 2 2 
3 1 3 3 3 
4 2 1 2 3 
5 2 2 3 1 
6 2 3 1 2 
7 3 1 3 2 
8 3 2 1 3 
9 3 3 2 1 
 
The analysis of data is conducted straightaway the experiment is done. The 
obtained response for each trial at different loading condition is analyzed to get the 
result for the formulated problem. In optimization, MRSN or Multi Response Signal 
to Noise was calculated from the total loss function by using the equation below. 
 
              MRSN = -10log(TLf)                  equation 2 
 
This technique apply in order to determine the optimal level of combination 
for the obtain MRSN ratio corresponding to the assigned weight factor. The variance 
of MRSN ratio is analyzed thought the analysis of variance (ANOVA). 
 
Anova is the static method used to interpret experimental data and made the 
necessary decisions. The equation for total variability of the MRSM ratio is 
measured by the sums of square of MRSN ratio by using equation below: 
 
SST = [ ∑yi
2







3.1  Research Methodology and Project Activities 
 
The methodology for conducting this research project is exploration and discovery. 
As this project is mainly an empirical research, the results obtained from this 
research can be used to compare with the real life plant. Besides, the result 
obtained from this project is currently setup at steady state condition. The results 
can hence further enhance the research and development of CDU optimization at 
another high level. This project activity in this research is mainly simulation work 

































3.2  Simulation Software 
 
In this project, there is basically running fully with HYSYS simulation software. 
HYSYS is a powerful engineering simulation tool, has been uniquely created with 
respect to the program architecture, interface design, engineering capabilities, and 
interactive operation. The integrated steady state and dynamic modelling capabilities, 
the process simulation can be evaluated from either perspective with full sharing of 
process information. 
 
3.2.1  Factor and Level 
 
Table 3 Factor and Level 
 
 
3.2.2  Orthogonal Array  
 
The experiment is conducted under L27 array with 13 control variable and 3 levels 
for each control variable. The basic arrangement of the orthogonal array can be refer 
in appendix. 
 
3.2.3  Noise factor 
 
Two noise factor is selected with three level in this study. The noise factor are: 
 Crude flow rate 
 Crude price 
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3.2.4  CDU Model 
 
Figure 3 CDU model in HYSYS 





























Problem Statement and Objective of the project 
Identify the purpose of this research. 
Literature Review 
Understanding the fundamental theories and concepts 
by gathering much information as possible from 
various sources. 
Simulation Procedure 
Conduct an experiment using CDU model in HYSYS 
and record all data (result). 
Analysis of Result 
The collected data will be analyze and interpreted 
precisely using SNR, ANOM, ANOVA and response 
plot to determine the most profitable configuration. 
Documentation and Reporting 
The research study will be documented and the future 













RESULT AND DISCUSSION 
 
4. Result and Discussion 
By using the current model that has been develop by the lecturer, the development of 
the variable selection is done. The CDU model is develop by using Aspen HYSYS 
simulation software. In this model, it has two main units which are atmospheric tower 
and vacuum tower. 
 
By referring to the figure 3, the crude will go through one heater and one heat 
exchanger before entering the desalter. The main function of desalter is to remove 
salts, water and sediment present in the crude feed by electrostatic coalescence, 
whereby a high voltage of current with 415 volts and 11 ampere is passing through 
inside the desalter with layer plate. The crude after desalter is expected to minimize 
the fouling in the preheat train exchanger and crude furnace. The water and sediment 
is discharge to the oily water sewer. In real case for example, PETRONAS 
PENAPISAN TERENGGANU SDN BHD (PPTSB) use four heat exchangers (see 
appendix A) whereas the crude oil is exchange with the end product like naphtha, 
kerosene, diesel and residue oil. Next, crude without salt and impurities is travel along 
the pipeline to the preflash column. Before reach at preflash the crude will be heater 
once more. This is to ensure the crude gain the heat energy before entering the 
preflash. The purpose of preflash is to remove light naphtha, mixed naphtha and light 
hydrocarbon gassed from crude oil. The balance of the heavier part of crude oil is 
then sent to crude tower for further fractionation. The preflash tower bottom is 
pumped to the furnace. In this furnace, the heat required to obtain sufficient 
vaporization of the crude in the flash zone of crude distillation column. Regarding the 
hysys data, the crude temperature enter the furnace is around 178 
o
C. Then the crude 
will further heated by gas and / or oil burners, before leaving the crude heater at 
approximately around 400 
o
C (from hysys). 
 
 From the model used, the crude distillation unit consists of two types, 
atmospheric and vacuum. In atmospheric tower, the tower equipped with 29 trays. On 
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the other hand, the pump around was setup to increase the efficiency of the product 
cut point. The function of pump around is to maintain the tray temperature and 
stabilize the tower temperature. Thus, the specific product can be extracted more.  
 
Vacuum distillation is used to safely recover higher boiling point crude. The 
maximum temperature of the distillation unit’s heater has been set the limit. There is 
where the temperature at which a flammable or combustible material can ignite by the 
temperature only, this is called the auto ignition temperature. Vacuum distillation 
lowers the boiling point of the product in order to allow the recovery within the 






Figure 5 Vacuum tower 
  
 
Figure 4 Atmospheric tower 
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Taguchi method has been used in this project. Taguchi design is the statistical 
technique to optimize the process design problem in different engineering discipline. 
Currently the flow of the study on the developing the Taguchi procedure is almost 
done. First of all, the objective function has been developing which is profit as shown 
below. 
 
Profit = Product sales – crude cost – energy cost – steam cost 
The factor (level) for an experiment has been chosen which three is: 
 Upper bound 
 Lower bound 
 Middle 
Below shown the controlled variable that is used in this project. 
 











Table 5 Noise factor 
Noise factor 
Crude Flow rate m
3
/h 






















 All experiment are conducted using CDU and VDU steady state model under 
HYSYS simulation software. All the case study that shown in table above is run 
separately using different file to avoid miss conduct while inserting the data. The 
profit is then calculated directly by using spreadsheet setting inside HYSYS software. 




Figure 6 HYSYS spreadsheet 
 
 The changes of variable is done simultaneously for each case study. 
Therefore, only one profit value is obtain for each run. After the selection has been 
done, the L27 table is constructed. The constructed table for this experiment is stated 
at the appendix B. The major result are presented in table below. The profit is denoted 
as Xj where (j = 1-9). On the other hand, the profit is divide into three group. This 
group is segregate regarding the configuration of noise factor. This sequence also 










4.1  Effect of noise factor 
 
In group one, the mean is 1466288.47, 1466294.44 and 210196.13 in unit of Ringgit 
Malaysia (RM/day) for case 1 until 3. For cases 4 to 5 which is in group two, the 
global mean is stated at 1461336.57, 804385.69 and 147441.27 RM/day. Therefore 
for last group, cases 6-9, the respective value are 1683734.52, 997885.94 and 
312036.39 RM/day. The different among the global mean each group is quick huge is 
about 200000 RM/day. This value is caused by the present of noise factor (crude feed 
flow rate). The amount of crude feed flow rate increase the amount of plant 
production. Thus, the CDU and VDU profit due to substantial additional production 
sales of light gas, naphtha, diesel, AGO, diesel and residue. However, along the 
analysis the result did not shown as that way. Increasing crude flow rate will not 
ensure that the plant will give maximum profit. The sequence of selected variable also 
play the important role in this project. 
 
 Similarly, the effect crude price as second noise factor can be seen clearly. 
The highest value of average profit is stated for group one is at second level with 
1466294.44 RM/day. For group two, the respective average value is lay on first level 
which is at 1461336.57 RM/day and 1683734.52 RM/day for group three (level 1). 
 
4.2  Average profit analysis 
 
The analysis of mean (ANOM) is performed to determine the ranking of factors. The 
significant variable will be review after this test is conducted. In this project, the 
average profit value is calculate or each case row by row basis. This method is follow 

















Table 8 ANOM and ANOVA for average profit analysis 
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The ANOM analysis have been conducted to determine the ranking of control 
variable. From table above, the deviation of effect value is use to determine the 
ranking. Factor that carry highest value of effect value will be at the highest ranking. 
In this study, among 13 controllable factors that affect plant profit is arranged by the 
descending order of importance which is ADKCHMLIJBGFE as refer to above table 
of ANOM analysis. In this case, the factor A is the most significant while the factor E 
is the least significant. 
 
 The ANOM is then verified with the analysis of variance (ANOVA). This test 
is to make sure the ANOM analysis is done correctly. The sum of square factor k 
shown the significant contribution of particular factor. If the value is approaching 
zero, the factor is can be conclude as unimportant factor. The degree of freedom is 
two for all cases. Hence, the variance of factor k, Vk can be determined. The ranking 
that shown in ANOVA is identical with the result that obtain from ANOM. The 
ranking is arrange descending order of importance from 13 variables is 
ADKCHMLIJBGFE.  
 
 Factor A (naphtha cut point) is a major contributor in this study with 65%. 
This factor is used to control the temperature at naphtha condenser that could effluent 
the amount of the production. Increasing the cut point will increase the tendency to 
recover all naphtha inside the raw crude feed. Contribution of factor D (AGO cut 
point) at 22.7% is influent at AGO side stripper column. This will affect the 
efficiency of side stripper column. On the other hand, by regulating the AGO cut 
point, the steam inlet will be fluctuated. Increasing steam will increasing the utilities 
cost as well as reducing the plant profit. The factor K (bottom steam flow rate) is 
slightly significant 7% contribution toward plant optimization. Supply sufficient 
amount of heat can increase the column efficiency. This action is contribute to a 
present of factor A. 
 
 Diesel cut point (factor C) is also significant with 2.5% contribution. Diesel 
side stripper temperature is the major contribution in factor C. Similarly with naphtha 
side stripper function. Increasing the temperature will increase the efficiency to 
extract all diesel inside the raw crude feed. Contribution of factor H (kerosene 
reboiler duty) is minor at 1.1%. This factor controlled the kerosene side stripper 
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column temperature. Increasing the reboiler duty will promote more kerosene 
product. Hence, the profit can be increased significantly. The other 8 factor is can be 
assume did not affect the plant optimization. Almost 98% optimization is develop by 
using only 5 controlled variables. 
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Table 9 ANOM and ANOVA for SNR 
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In this section, the significant variable is conducted using signal-to-noise ratio (SNR) 
analysis. The principle selected is in the form of ‘the-higher-the-better’. An external 
array is conducted at L9, which mean that each experiment need to be repeated 9 times 
under different configuration of external array. The noise factor is a major factor in 
configure the external array. The low value of SNR indicate the high effect of noise 
factor on the outputs. 13 controlled variables in descending order of importance is 
CGFHBAJILEMKD as stated in table above. Factor C is the most important factor 
compare to factor D which is the least importance factor.  
 
 The analysis of mean and variance must be conducted in order to interpret of 
result from SNR analysis. The same procedure to calculate the ANOM is shown in 
previous case of averaged profit analysis. The order of importance variable same for 
ANOM and ANOVA which is CGFHBAJILEMKD. The diesel cut point (factor C) 
become the first variable that is the most important in this study. On the other hand, 
the factor G (vacuum feed temperature) with 19% is the second most important in 
minimizing effects of noise factor through SNR analysis. Vacuum feed temperature is 
responsible to maintain the temperature inside vacuum distillation column. 
Maintaining the temperature will help increase the efficiency of the vacuum column. 
Hence, the cut point of product inside vacuum tower can be thoroughly follow its 
specification. Factor F (HVGO cut point) is the third minimizing effect of noise factor 
with 10.4%. The other factor which is factor H, B, A, J, I, L, E, M, K and D are 
respectively at 7.2%,6.4%, 4%, 3.3%, 3.1%, 2.9%, 2.4%, 2.2%, 1.2% and 0.2%. 
Hence the cut point AGO can say that the least minimizing effect of noise factor.  
 
 Besides determining the significant of factors to stabilizing the disturbance, 
the optimal configuration also can be determine by using SNR. The optimal 
configuration of factor that can maximizing the profit can be located. From all 9 
cases, the result in case 7 in 8 run shown the highest profit with a value of 
1718162.96 RM/day. The configuration for this is A1B3C3D3E2F2G2H1I1J1K3L3M3. On 
the other hand, the low profit configuration is A2B2C3D1E2F3G1H3I1J2K1L2M3 with 
value of 102645.35 RM/day. In general, the result confirm that the study is comply in 




4.4  Validation 
 
The last event is to validate the result. The configuration of the highest profit is then 
compare to the individual ANOM result. The optimal configuration can be display in 
term of response plot based on the average profit and the SNR analysis.  
 
 
Figure 7 Response plot average profit analysis 
 
 
Figure 8 Response plot for SNR analysis 
 
From response plot above, the steeper the slope shown the most significant 
factor. In the analysis that uses averaged value of profit, the maximum profit 
configuration can be see clearly from the graph above. The configuration is 
A1B3C1D3E3F1G1H1I1J1K3L1M1.  With this optimal configuration, it then set to the 
HYSYS simulation environment. The profit is calculated automatically inside the 
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RESPONSE PLOT FOR SNR ANALYSIS 
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 From table above, the deviation value is less than 1% is obtain from all cases. 
This situation shown that the optimal configuration of controllable factor for all cases 
have been found. As stated earlier, the lowest global mean is at 102645.35 RM/day is 
obtain with noise factor configuration of (crude feed flow rate = N , crude price = O) 
N2O3. This lower value is stated at case study 6. While, with the configuration of 
N3O1 the maximum profit collected is at 1642437.44 RM/day. From this situation, it 
shown that the most optimum configuration of noise factor have been found in case 7. 
The combination of configuration for all including the noise factor, the optimum 
configuration is at A1B3C1D3E3F1G1H1I1J1K3L1M1 N3O1.  When the validation test is 
conducted in HYSYS, with this configuration the profit is at 1736443.04 RM/day. 


















Significant of 13 controlled variable with 2 noise factor that effecting the plant profit 
is studied by conducting an experiment under Taguchi orthogonal array set up. Five 
controlled variable is rank at the top among the others. This combination of 5 variable 
completely neglected the other 8 controlled variable. This is because the selection of 
cut point as the controlled variable is complicated. The cut point can caused the 
product purity problem.  
 
 In industry, customer will decide the product specification before they buy it. 
In this case, the product purity is fluctuated cause by the changing of cutting point. 
Even though the changes 2
o
C can cause the different in mass flow production of 
curtain product. This is almost 200 barrel/day the differences can be detected. Higher 
load (crude feed flow rate) is more significant compare to crude feed price. The 
combination of low, medium and high level that selected from the response plot of 
average profit values. Last but not least, all the configuration is validate with the 
minimum factorial configuration. 
 
 For future recommendation, the selection variable must be conducted more 
precise with different combination. Test run experiment is a must before take that 
variable as the controlled variable for this project. On the other hand, the detail of 
simulation model needed in order to make sure easy flow in determining and 
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Table 14 Variable distribution inside orthogonal array for 711.9 m3/h 
 
